Involvement of these several neurotransmitters, multiple neuroimmunological and neurohormonal pathways have been the basis of various experimental studies to find reliable blood-derived biomarkers to identify, diagnose, or subclassify the patients of depression and study the treatment response in them.
Many studies on depression are in accordance with the biochemical basis of depression that has been related to the state of blood-brain barrier (BBB) allowing/restricting a number of components to enter the brain milieu from the peripheral plasma milieu.
The BBB is primarily composed of endothelial cells (ECs), astrocyte end-feet, and pericytes sharing a common basement membrane. The microvascular EC linked by tight junctions form a diffusion barrier allowing selective molecular communication between the plasma and the brain or central nervous system (CNS). Furthermore, some proteins are found exclusively or almost exclusively in the cerebrospinal fluid (CSF). Due to any disruption in BBB integrity, these proteins leak in both directions. S100B which is a calcium (Ca 2 +)-binding protein has been associated with BBB damage and is used as a marker of the integrity of BBB. The directionality of S100B transfer across the BBB is from brain toward systemic milieu, unlike serum albumin, glial fibrillary acid protein, and neuron-specific enolase which are transferred from peripheral blood to the brain. S100B is produced by the astrocytes or can spill from injured astrocytic cells and enter the extracellular space or bloodstream. It is also a neurotrophic factor involved in neuroplasticity [5] which is disrupted in depression along with the decrease in levels of growth factors. [6] Elevated S100B levels in serum or CSF can be correlated with the presence of neuropathological conditions, including neurodegenerative diseases or traumatic head injury. Effects of S100B depend on its concentration. [7] When secreted in small amounts, in nanomolar concentrations, it activates growth or differentiation of neurons and astrocytes. [8] However, in very high amount, in micromolar concentrations, it causes apoptosis of cells and can be neurotoxic. [9, 10] Normal serum S100B levels can reliably exclude major CNS pathology. It has a potential clinical role in the therapeutic decision-making process. It is however not clear yet, whether stress and BBB damage cause inflammation that leads to depression or it is the disease itself causing BBB damage and stress. A cause-effect relationship is yet to be determined. Several studies have reported that depressive patients have increased levels of S100B in the serum and CSF. [8, [11] [12] [13] [14] High levels of serum S100B have been related to a favorable therapeutic response. [11] These high levels correspond to neuron growth and synaptogenesis in depressive patients. The role of S100B in neuroplastic mechanisms in neuronal pathways has also been studied in conditions other than depression such as Alzheimer's disease, [15] schizophrenia, [8, 12, 16] and mania. [17] This study was undertaken to look into the serum levels of S100B in participants of age 13-25 years with major depression as compared to healthy controls of comparable age and gender and also to analyze the correlation of the levels with clinical severity of depression assessed by psychometric evaluation scores.
MATERIALS AND METHODS
In this case-control study, the potential relationship of BBB damage and depression has been studied by comparing serum S100B levels in subjects diagnosed with major depression to healthy controls of comparable age and gender.
Subjects

Cases
Forty-two confirmed cases of depressed participants, 13-25 years of age were recruited from the child-guidance-clinic and walk-in-clinic of the Department of Psychiatry, All India Institute of Medical Sciences (AIIMS) during the period from January 2013 to June 2014 after approval by the Ethics Committee of AIIMS. Written informed consent was taken from participant/parent/ guardian/legally acceptable representative of the patient before they were included in the study.
The 13-25-year-old depressed participants diagnosed with major depression by Diagnostic and Statistical Manual of Mental Disorders, 4 th Edition (DSM-IV) criteria for depression based on the Structured Clinical Interview for DSM Disorders-nonpatient version (SCID-I/NP) [18, 19] were included in the study. Exclusion criteria for the depressed participants were (1) comorbid medical illness, detailed clinical history, and routine clinical hematology and chemistry investigations were carried out to exclude the same; (2) present or history of psychotic disorders, mental retardation, posttraumatic stress disorder, eating disorder, and substance abuse within the last 12 months; (3) history of medication with antibiotics, steroids, and immune modulators; (4) febrile illness (temperature >99°F) within 4 weeks before blood collection; and (5) in females, a positive urine pregnancy test. We have excluded pregnant females because S100B is a potential peripheral biomarker in hypertensive disorders of pregnancy. [20, 21] 5 (males)/42 patients and 4 (males)/42 controls were smokers and few were occasional alcoholics taking an average of two drinks (60 ml) per week. None of our patients was a substance abuser. Family history of depression was present in 12/42 patients with major depression.
Controls
A comparable group of 42 healthy volunteers of 13-25 years age from community, including school-going children and young adults were recruited as controls. These healthy controls were chosen from participants of comparable age, gender, and socioeconomic status (assessed by Modified Kuppuswamy's socioeconomic scale [22] ). They had no past or present DSM-IV Axis I disorder, as determined by the SCID-I/NP. Consent was taken from participant/parent/ guardian/legally acceptable representatives of the healthy controls. Each of them was assessed using a clinical interview and General Health Questionnaire-12. [23] Control participants were assessed using psychometric evaluation scores same as on depressed participants. Participants with any personal or family history of psychiatric illness, diagnosed autoimmune disease, or with a history of any substance abuse were excluded from the study. All healthy controls were free of any acute/chronic physical illness within the 4 weeks before the study. The controls thus recruited for the study showed normal laboratory findings in blood hematological and chemistry, renal, and liver function tests. Females with positive urine pregnancy test were excluded from the study.
Psychometric evaluation
Psychometric evaluation of the patients and the controls was done. Based on the interview, the psychiatrist rated the severity of depression on the Beck's Depression Inventory (BDI-II) [24] and Hamilton Depression Rating Scale (HAM-D). [25] For the adolescents, stressful life event scale (SLES) [26] was also used to assess the stressful events causing disturbance and anxiety to the patient. A local language (Hindi) version of the psychometric evaluation scales was used wherever applicable.
Laboratory method
Routine medical assessment and laboratory investigations (complete blood count, kidney and liver function tests, and urine examination) were done on all participants.
S100B measurement
Sandwich enzyme-linked immunosorbent assay was performed in the departmental research laboratory for quantitative determination of the serum levels of S100B according to the manufacturer's instructions. Quantitative measurement of serum S100B was performed in duplicate for each of the aliquots using ELISA kit manufactured by Cloud-Clone Corp. This sandwich ELISA is based on microtiter plate precoated with an antibody specific to S100B. Standards or samples were then added to the appropriate microtiter plate wells with a biotin-conjugated antibody specific to S100B followed by avidin conjugated to horseradish peroxidase with appropriate incubation periods and washing steps. Following this, 3,3',5,5'-tetramethylbenzidine substrate solution was added. Only those wells containing S100B, biotin-conjugated antibody, and enzyme-conjugated avidin exhibited a change in color. Enzyme-substrate reaction was terminated by the addition of sulfuric acid solution. The absorbance was read in duplicate using a Bio-Rad xMarkMicroplate reader (Bio-Rad Laboratories, Hercules, CA, USA) at 450 nm. The intraassay and interassay coefficients of variation for all analyses were <6%. The mean of the available duplicate sample values was used.
Statistical analysis
Statistical program STATA (Version 11.2, released 2009, StataCorp, College Station, Texas) was used for all statistical computations. For the group comparisons, parametric (two-tailed unpaired Student's t-test) and nonparametric (Wilcoxon Rank-sum test) statistics were used. The distribution of parameters was considered nonparametric when standard deviation exceeded half of the mean value. For categorical variables, differences between the groups were assessed using the Chi-square test. For intergroup comparisons, the Kruskal-Wallis one-way analysis of variance was used. The Bonferroni correction method was used for ascertaining the significance level for assessing post hoc comparisons (set at the level of P ≤ 0.016). Correlations between serum S100B and the depression and anxiety scores were calculated. Pearson's correlation coefficient was used to assess the relationship. Two-tailed P ≤ 0.05 was regarded as statistically significant.
RESULTS
The demographic and clinical characteristics of 42 cases and 42 controls were as given in Table 1 . There was no significant difference in the age (P = 0.186), male/female ratio (P = 0.330), and body mass index (P = 0.120) between the depressed participants and the healthy controls. Thus, the two groups were satisfactorily comparable.
Clinical profile and therapeutic history of patients
The mean duration of illness at the time of presentation for which they received the treatment was 15.95 ± 11.53 months. The mean duration of the current episode was 4.71 ± 1.63 months. Average number of episodes of major depression in the participants was 1.79 ± 0.72. All the 42 patients with major depression were on treatment with antidepressants. Of the total 42 depressed patients, 33 were prescribed selective serotonin reuptake inhibitors (SSRIs), eight were on treatment with tricyclic antidepressants (TCA), and one was on treatment with a combination of SSRI and TCA. None of the included patients suffered from any comorbid illness as the patients were recruited considering the inclusion and exclusion criteria. None of the patients was on any other medication such as steroids, antibiotics, or immune modulators for any other medical illness. Family history of depression was present in 12/42 patients with major depression.
Psychometric evaluation scores: BDI scores, HAM-D scores, and SLES, as expected were found to be significantly higher in patients as compared to the control groups (P < 0.001; P < 0.001; P < 0.001, respectively).
The mean concentration of serum S100B was significantly higher (P = 0.023) in depressed participants 94. 12 Table 2 .
Serum S100B levels showed a significant difference between the patient and healthy controls only in the female group of participants. There was no significant difference in serum levels in the male participants [ Table 3 ]. When this gender-wise comparison was done within the depressed participants, it was seen that there was no significant difference in serum S100B levels between the male and female depressed participants. Furthermore, no difference was found in psychometric evaluation scores (BDI and HAM-D) between the male depressed patients and female depressed patients [ Table 4 ].
The levels of serum S100B in participants with single episode of depression were compared with those having recurrent depressive disorder and healthy controls using one-way ANOVA. The levels were significantly higher (P < 0.001) in those with recurrent depressive disorder Table 5 .
Furthermore, no significant correlation was seen between the severity of depression as assessed by BDI in the patient group and the increase in levels of serum S100B [ Table 6 ].
ANOVA/Kruskal-Wallis test was used to study the effect of treatment (t/t) with antidepressants for the duration of illness. Participants were divided as those whose total duration of illness and medication <6 months and those with more than 6 months. We found on the comparison that initially before 6 months, S100B was not significantly higher than healthy controls, however, as the duration increased serum levels of S100 B increased [ Table 7 ].
DISCUSSION
Major findings of our study are as follows: (1) Levels of serum S100B were significantly elevated in the patients with major depression as compared to healthy controls. (2) Significantly higher levels of S100B were seen only in females as compared to their healthy control counterparts. There was no significant difference in the levels of serum S100B between the depressed males and females. (3) Serum S100B was higher in depressed participants with the recurrent disorder than those with single episode. (4) No correlation of the levels of this marker was seen with the clinical severity of the patients. All the depressive disorder patients had moderate-to-severe degree of depression on psychometric evaluation by BDI and HAM-D at the time of evaluation. (5) It was found that serum S100B levels were higher in those depressed subjects who were treated for more than 6 months than those who were not. BBB can be considered to be a gateway to psychiatric illness such as depression, and S100B is a recognized marker of BBB damage. [27] It is also a neurotrophic factor that is involved in neuroplasticity. S100B has been studied as a biomarker in the various neuropsychiatric disorders such as depression, Alzheimer's disease, anxiety disorders, schizophrenia, and other affective disorders. [27] [28] [29] S100B is released by astrocytes. S100B mostly found in astroglial cells and Schwann cells, is also present in adipocytes, chondrocytes, melanocytes, bone marrow cells, and lymphocytes. Increased levels of serum, plasma, and CSF S100B have been studied in patients of major depression. It has been seen that an increase in the levels of S100B is not related to other markers such as glial fibrillary acidic protein, myelin basic protein, and neuron-specific enolase which are the other structural markers. It indicates that S100B is released from the astrocytes and not its leakage from the damaged cells. [30] The serum levels of S100B in our patients 96.96 pg/ml (13.47-271.75 pg/ml) were significantly higher than that of the healthy controls 47.21 pg/ml (14.1-191 .75 pg/ml) (P = 0.023). Since the levels are increased only in small quantity in comparison to controls, it implies this to be a part of physiological process and a part of normal neuroplastic process. Several studies concur with our result and have reported that depressive patients have increased levels of S100B in the serum [8, [11] [12] [13] 31, 32] and CSF. [33] Rothermundt et al. 2001a, b [8, 12] reported that the serum S100B levels in melancholic-depressive patients were higher than those in normal controls. They suggested that since S100B is a marker for neuroplasticity, high level of serum S100B might correspond to neuron growth and synaptogenesis during the process of synaptic remodeling in depressive patients. Effects of S100B depend on its concentration. [7] The increase in S100B level signifies a breach in the integrity of the BBB; however, it is not a result of damage. When secreted in small nanomolar concentrations, it signifies the activation of growth and differentiation of neurons and astrocytes. [5, 34] However, higher amounts of S100B in micromolar concentrations cause apoptosis of cells and can be neurotoxic. [9, 10] This micromolar increase of S100B in CSF and plasma is seen after traumatic brain injury, subarachnoid hemorrhage, and ischemic or toxic brain injury. [35] [36] [37] It has been seen that increased levels of S100B can be correlated to lesions or changes seen on CT scan and can help in early detection of patients at risk of developing secondary increase in intracranial pressure or fatal outcomes. [38] In this study, when similar gender depressed and healthy controls were compared, it was found that significantly higher levels of S100B were present in females as compared to their healthy control counterparts. There was no significant difference in the levels of serum S100B between the depressed males and females. On the other hand, a significant difference in the serum S100B levels of the male and female healthy controls was observed. Yang et al. 2008 [32] found that S100B levels in female depressed patients were higher than those of male depressed participants. Arolt et al. 2003 [11] did not find any gender differences in serum S100B levels. Hetzel et al. 2005 [39] did not consider the effect of gender on levels of serum S100B in depression. Thus, no conclusive result can be made regarding the gender differences.However, the reasons for the gender differences if present may be because of differences in education, stress, role of family, or differences in cognitive ability. [32] found that S100B levels in participants with the first episode were significantly lower than those with recurrent depression. Since S100B is a marker of neuroplasticity, in patients with recurrent depression, repeated damage, and regeneration of the neurons as a compensatory response could be the cause for increased S100B levels in the participants with recurrent depression. However, Arolt et al. 2003 [11] did not find any significant difference between the patients with first episode versus those with recurrent depression. This indicates that increased number of depressive episodes might have an effect on the levels of S100B in serum.
No correlation of the levels of this marker was found with the clinical severity of the patients using the Pearson's correlation coefficient. All the patients had moderate-to-severe degree of depression on psychometric evaluation by BDI and HAM-D at the time of evaluation. Similar to our findings, Arolt et al.
2003 [11] as well as Yang et al. 2008 [32] also did not find any correlation between S100B levels and severity of depressive and anxiety symptoms, or the duration of illness and current episode. However, S100B measured in sera from patients diagnosed with major depression [8] showed a positive correlation of the severity of depression with S100B levels.
Another interesting feature in our study is that with increased duration of illness for which the patient was being treated the patients had higher levels of S100B. We did not have any treatment naïve patients. However, to study the effect of medication on serum S100B, we divided the patients into those having total duration of illness <6 months and more than 6 months. It was seen that serum levels of S100B were higher in those who were on treatment for more than 6 months when compared to the healthy controls (P = 0.001).
As the duration of illness for which the patient was being treated increased, serum S100B level increased suggesting the role of antidepressants in neuroplasticity. This was indicated by significantly higher S100B levels in those depressed subjects who were on treatment for more than 6 months than those who were treated for less than 6 months (P < 0.001). The findings were similar to a study showed that after 4 weeks of treatment with antidepressants, the levels of S100B further increased as compared to the baseline levels and the responders had significantly higher levels than nonresponders. [11] Another study by Jang et al.
2008 [40] showed that the patients with higher baseline serum S100B levels responded better to the therapy suggesting that the baseline serum S100B level is associated with enhancement of the growth and differentiation of neurons, which results in a favorable therapeutic response to antidepressants. Furthermore, the patients with high baseline serum S100B levels clinically improved within 6 weeks of treatment with antidepressants; however, the increases in their serum S100B levels during 6 weeks of antidepressant treatment were minimal. Furthermore, the patients who had low levels of serum S100B at baseline did not show clinical improvement within 6 weeks of treatment with antidepressants but had higher serum S100B levels after 6 weeks of antidepressant treatment. [40] Thus, S100B may be a prerequisite for neuroplastic changes that are required to improve depression. This indicates the importance of S100B in neurogenesis as a compensatory response to any disruption in neuroplasticity that is related to antidepressant response. Antidepressants exert their effects by increasing neurogenesis and modulating the signaling pathways involved in neuroplasticity. Therefore, the levels of neuroplasticity in depressive patients can affect their response to antidepressants.
The strength of our study was the homogenous group of participants included in the study. There are no studies in the literature that have looked into this BBB damage marker S100B particularly for the adolescent and young adult patients of 13-25 years age with major depression in Indian population attending tertiary care hospital.
Major limitation of our study was that we being the highest tertiary level hospital, all the patients were on treatment with antidepressants for variable duration of time. Thus, a baseline level of these markers before medication could not be obtained for comparison. Other limitation of our study was relatively small sample size. Furthermore, we were not able to completely rule out the dietary differences between the two groups. However, evaluating the use of nonprescribed drugs or alternative medicines and diet should be carried out in future studies. It will also be useful in future studies to measure S100B levels throughout the treatment of the patients to see the neurotropic response of the patients to stress and severity of depression. These studies will be helpful in establishing serum S100B as a marker of severity as well as of response to treatment in patients with severe depression. 
CONCLUSION
Serum S100 B could be examined further as a candidate of potential biomarker in moderate to severe depression specially when the depression is recurrent and more than six month duration.
